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@ Electric fan assembly for over-the-road trucks.

@) There is disclosed an over-the-road truck having
an internal combustion engine of at teast 149 KW
including a radiator (1) and an electric fan assembly
(4) therefor consisting of an electric motor (3) to
which is attached an axial flow propeller fan (6) and
operating only when necessary and of a minimum
wattage determined by W = 2.35E wherein E is the
engine power (KW) provided that the core size (M?)
of the radiator (1) is 0.00259E and the air flow (M3/h)
thersthrough is at least 0.03E.
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ELECTRIC FAN ASSEMBLY FOR OVER-THE-ROAD TRUCKS

FIELD OF THE INVENTION

This invention relates to cooling assemblies for
vehicles, and more particularly to an electrically-
driven fan assembly for the radiator of an over-the-
road truck having internal combustion engines of at
least 200 hp.

BACKGROUND OF THE INVENTION

Generally, to effect a flow of air through the
radiator core or heat exchanger sufficient to effect
heat transfer of the coolant, a fan assembly at-
tached to the engine is provided on the motor side
of the radiator to draw air therethrough. The rota-
tion of the fan blades is directly related to the
RPMs of the engine. Thus, the slower the rotation
of the fan, the smaller the quantity of forced air
flow.

Most cooling requirements of an internal com-
bustion engine vary with the speed of the vehicle.
Generally, cooling is most important 5% to 10% of
the time during idling, slow speeds, or climbing
steep grades, since natural convection at vehicle
speeds in excess of 20 to 30 mph is sufficient to
effect air flow through the radiator to maintain prop-
er operating temperatures. During normal opera-
tion, the air passing through the radiator by the
vehicle's forward motion is sufficient to keep the
engine cool; no fan is necessary.

Currently, to help increase fuel economy on
trucks, Original Equipment Manufacturers (OEMs)
have used both engine-driven on-off or modulating
fan cluiches. Obviously, these types of fan drives
require up to 30 hp to rotate when they are en-
gaged, reducing overall fuel economy and engine
efficiency. Furthermore, the fan drives: (1) must be
turned directly by a belt from the engine; (2) re-
strict the modifications that can be done to the
engine and chassis because the engine, radiator
and fan must be adjacent and on the same plane;
(3) are prone to maintenance problems because
the fan or fan hubs are in constant rotation; (4)
reduce life expectancy of belts and water pumps
because of the strain the fan places on them when
it is engaged; (5) cause vibration because they are
attached to the engine; (6) are expensive to install;
and (7) tend to overcool the engine, creating
sludge deposits that cause premature engine wear.

It has been the practice of Original Equipment
Truck Manufacturers to overcool their engines be-
cause:

1) They offer prolonged warranties. During this
coverage they want to make cerfain that if the
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vehicle comes into contact with a harsh environ-
ment that contains contaminants (dust or dirt),
partly clogging the radiator, there is enough air
flow to maintain proper engine temperatures.
The OEMs over-design the CFM requirements
{o compensate for improper maintenance.

2) Economically, it is less expensive to manu-
facture vehicles having the same components,
thereby reducing the number of different parts,
certifications, and designs. OEMs build trucks
with the same components, even though they
may be used for different purposes, and there-
fore require different air flows. For example, a
stationary application such as a sanitation truck
which uses its engine at high idle to load and
unload has a greater air flow demand than an
over-the-road truck that benefits from ram air
cooling.

Electric fans for engine cooling have been suc-
cessfully used on automobile engines for years;
however, on truck applications that benefit from
ram air cooling (air forced through the radiator by
the vehicle's forward motion), both the Society of
Automotive Engineers and the Original Equipment
Manufacturers have rejected their use, since it is
their position that a multiple of electric fans are
inadequate and cannot provide the same cooling
capabilities of belt-driven on-off, viscous, or direct-
drive fans that are currently used.

OBJECTS OF THE INVENTION

it is an object of the present invention to pro-
vide an improved fan assembly for a radiator of an
internal combustion engine for an over-the-road
truck providing for a substantial increase in operat-
ing efficiency.

Another object of the present invention is to
provide an improved fan assembly for a radiator of
an internal combustion engine for an over-the-road
truck resulting in increased fuel economy.

A further object of the present invention is to
provide an improved fan assembly for a radiator of
an internal combustion engine for an over-the-road
truck resulting in increased horsepower.

Yet another object of the present invention is to
provide an improved fan assembly for heat ex-
changer applications mounted in a non-conven-
tional position.

Still another object of the present invention is
to provide an improved fan assembly that reduces
maintenance costs.

Still yet another object of the present invention
is to provide an improved fan assembly that cre-
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ates less noise and reduces vibration.

A still further object of the present invention is
to provide an improved fan assembly for a radiator
of an internal combustion engine for an over-the-
road truck with improved warm-up capabilities and
temperature control.

Yet a further object of the present invention is
to provide a fully modular fan system for truck
applications.

SUMMARY OF THE INVENTION

These and other objects of the present inven-
tion are achieved for an over-the-road truck having
an internal combustion engine of at least 200 hp
including a radiator and an electric fan assembly
therefor consisting of an electric motor to which is
attached an axial flow propeller fan and operating
only when necessary and of a minimum wattage
determined by W = 1.75E wherein E is the engine
horsepower provided that the core size (in?) of the
radiator is 3E and the air flow (CFM) therethrough
is at least 22.5E.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects of the present inven-
tion will become clear by reference to the following
detailed description when taken with the accom-
panying drawings where like numerais designate
like parts throughout and wherein:

FIGURE 1 is a plane side view of a radiator and
fan assembly of the present invention; and
FIGURE 2 is a right side elevational view there-
of.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring now to the drawings, there is illus-
trated a radiator assembly, generally indicated as
1, for an internal combustion engine of the truck
type having a coolant inlet conduit 10 and coolant
outlet conduit 9. The radiator assembly 1 is of the
core type including conduits 24 (one shown) and a
fan assembly, generally indicated as 4, to improve
the conductive heat transfer between the air flowing
through the radiator assembly 1 and coolant flow-
ing through the conduits 24.

Disposed between the radiator assembly 1 and
internal combustion engine 2, there is provided the
fan assembly 4, comprised of an electric motor 3,
axial fan blades 6, and shroud 5, mounted to the
radiator assembly 1 by spacer elements 7 for posi-
tioning support bars 8. The support bars 8 are
mounted, such as by bolt and stud assemblies 25,
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to the housing of the electric motor 3 including a
shaft 28 on which are mounted axial fan blades 6.
The axial fan blades 6 provide maximum efficiency
since their diameter covers as much of the radiator
core as possible.

The electric motor 3 is provided with terminal
leads 26 and 27 and when energized causes the
rotor (not shown) mounted about shaft 28 to rotate
and thereby rotate the axial fan blades 8. The
terminal lead 26 is connected by a conductor 23 to
a negative power source, such as battery 14, that
is grounded to the chassis of the vehicle. Terminal
lead 27 of eleciric motor 3 is connected to the
main current terminal 29 of power relay 13 via
conductor 22 which supplies the positive input cur-
rent to electric motor 3. Terminal 30 of the power
relay 13 is connected to the positive side of the
battery 14 via conductor 20. Current passing
through power relay 13 is controlled by the trigger-
ing coil (not shown) of power relay 13 that is
connected to the negative side of battery 14 via
conductor 21. The opposite positive side of the
triggering coil of power relay 13 is connecied to
the switching relay 12 via conductor 19. The elec-
tric motor 3 starts and stops by opening and clos-
ing of the triggering coil of the power relay 13,
completing the circuit for positive current to pass
from the battery 14 through terminal 30 and main
current terminal 29 of power relay 13 to the electric
motor 3 via terminal lead 27.

The switching relay 12, which conirols the trig-
gering coil of power relay 13, has one of its coil
terminals connected to the thermostat 11 via con-
ductor 16, which carries negative power. The op-
posite side of the coil is connected to positive
power of battery 14 via conductor 17. As the coil of
the switching relay 12 is energized, positive current
from battery 14 is passed from conductor 18
through switching relay 12 through conductor 19 to
power relay 13.

The thermostat 11 is normally open. One termi-
nal of the switch is connected to the negative side
of the battery 14 via conductor 15. The other side
of thermostat 11 is connected to the negative side
of the coil of switching relay 12 via conductor 16.

The thermostat 11 may be positioned prefer-
ably in the lower poriion of the radiator or engine
block. In air conditioning applications (not shown), a
pressure switch is installed on the high side of the
system.

The thermostat 11 is preferably selected to
respond o a closed mode between a temperaiure
of from 180°F. to 200°F. and to respond to an
open mode at a coolant temperaiure of from
160°F. to 180" F.

In accordance with the present invention, the
electric motor 3 of the fan assembly 4 for an over-
the-road truck having an engine of at least 200 hp
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must have a minimum wattage as determined by
the following empirical equation:

W = 1.75E

whersin:

W = wattage of electric motor, and

E = Horsepower of Engine

provided that the size of the associated radiator
(in?) is at least 3E for a minimum air flow rate
(CFM) of 22.5E.

In operation, upon keying the ignition switch
{not shown) of the vehicle provided with a fan
assembly 4 of the present invention, the electric
motor 3 is in a disabled state and remains in such
state until the temperature of the coolant reaches a
predetermined temperature, e.g. 185° F., sensed
by the thermostat 11, at which point the thermostat
closes, completing a circuit via the battery 14,
thereby energizing the switching relay 12 and the
power relay 13, which in turn energizes electric
motor 3, causing the shaft 28 and the axial fan
blades 6 to rotate in a clockwise direction
(illustrated by arrow A). Upon rotation, the center of
the axial fan blades 6 first comes into contact with
the air, thereby moving the air outwardly toward the
ends of the axial fan blades 6, thereby drawing air
through the radiator assembly 1.

The thermostat 11 remains closed until a pre-
determined lower temperature (e.g. 165 F.) is
reached, caused for example by exceeding about
20 to 30 miles per hour for extended time periods,
whereby the forced convection through the radiator
assembly 1 is sufficient to maintain the coolant
temperature at the desired operating level. Upon
reaching this temperature, the thermostat 11
opens, de-energizing the system.

As hereinabove mentioned, the fan assembly 4
is preferably mounted between the radiator assem-
bly 1 and internal combustion engine 2 whereby
rotation of the axial fan blades 6 of the fan assem-
bly draws air through the radiator assembly 1,
although the fan assembly 4 of the present inven-
fion may be mounted in front of the radiator as-
sembly 1 to push air through the radiator assembly
1. It is readily appreciated that under sustained
driving conditions, wherein the vehicle exceeds a
speed of about 20 to 30 miles per hour, the electric
motor 3 is disabled but the axial fan blades 6 are
permitted to rotate by the passage of forced air.
Energy savings are realized dependent on the en-
ergy required to rotate a belt-driven fan (up to
about 30 hp) which, when converted to an increase
in fuel economy, amounts to up to 10% fo 15% or
more, since the fan assembly 4 of the present
invention is operated only on a "when needed”
basis, and is of reduced amperage.

The fan assembly 4 of the present invention
may be included as original equipment on the fruck
or may replace an existing unit. Additionally, the
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fan assembly of the present invention may be used
as original or replacement equipment in conjunc-
tion with heat exchangers requiring forced convec-
tion to cool a fluid, such as oil, or an intermediate
heat transfer fluid, such as freon, for air condition-
ers, refrigerators, charge air, and the like. Thus, the
fan assembly 4 of the present invention is mounted
proximate fo the heat exchanger preferably in a
position to draw air through the heat exchanger
with the thermostat being responsive to preselec-
ted temperature levels with the electric motor 3
being driven by a source of electric current includ-
ing DC or AC sources, such as a battery or current
source, respectively.

EXAMPLES OF THE INVENTION

The following examples are intended to be
merely illustrative of the present invention and are
not to be regarded as limiting thereto.

Example 1

A twenty-thousand pound (20,000 Ib.) truck
having an engine horsepower of 200 is to be pro-
vided with a radiator of a core size of 600 square
inches (3E = 3 x 200 = 600) requiring 4500 CFM
(22.5E = 22.5 x 200 = 4500) of air flow provided
by an axial fan blade. The electric motor to drive
the fan assembly is of a minimum wattage of 350,
calculated as follows:

W = 1.75.x 200 = 350

Example 2

A sixty-thousand pound (60,000 Ib.) truck hav-
ing an engine horsepower of 350 is to be provided
with a radiator of a core size of 1050 square inches
(8E = 3 x 350 = 1050) requiring 7857 CFM (22.5E
= 22.5 x 350 = 7857) of air flow provided by an
axial fan blade. The electric motor to drive the fan
assembly is of a minimum wattage of 612.5, cal-
culated as follows:

W = 1.75x 350 = 6125

The apparatus of the present invention results
in the following advantages:

1) Improved fuel economy (up to 15%) and
performance because it operates off batteries -
not engine horsepower.

2) Reduced maintenance costs since it is ther-
mostatically controlled and operates only when
necessary. Other types of on-off fans are con-
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stantly turning, wearing out internal components
of the fan hub.

3) Increased vehicle output by eliminating the
large horsepower requirements of belt-driven
on-off fans.

4) Better conirol of engine temperature - in-
creased motor life.

5) Increased belt and water pump life.

6) In most cases, decreased cost to install and
maintain.

7) Reduced vibration and noise since it is not
attached to the motor.

8) Elimination of fan alignment problems on
vehicles, allowing greater flexibility in the design
of cooling systems.

9) Easier access to front-mounted engine acces-
sories.

10) Easy adaptation to many vehicles, reducing
costly inventories.

11) Elimination of the need for lubrication.

12) Elimination of the need for an air source for

fan engagement.

13) Easy mounting, using our telescopic or flat
steel mounting hardware.

14) Easy relocation of heat exchangers.

15) Better cooling at idle.

While the present invention has been de-
scribed in connection with several exemplary em-
bodiments thereof, it will be understood that many
modifications will be apparent to those of ordinary
skill in the art, and that this application is intended
to cover any adaptations or variations thereof.
Therefore, it is manifestly intended that this inven-
tion be only limited by the claims and the equiv-
alents thereof.

Claims

1. The combination of an over-the-road truck hav-
ing an internal combustion engine of at least 200
hp and having a heat transfer assembly for cooling
an intermediate heat transfer fluid for said internal
combustion engine, said heat transfer assembly
comprising an electric fan assembly to operate
only when necessary to cool said heat transfer
assembly and consisting of an electric motor in-
cluding a shaft having an axial flow fan mounted
thereon, and further comprising:

a support means for attaching said electric motor
to said heat exchanger;

a battery for driving said electric motor; and

a swiich means responsive to starting and stopping
said electric motor, said electric motor having a
minimum wattage calculated by the empirical equa-
tion:

W = 1.75E

wherein:

10

15

20

25

30

35

40

45

50

55

W = wattage of electric motor, and

E = Horsepower of Engine

said heat transfer assembly having a core size
determined by the empirical equation:

R = 3E

wherein:

R = core size (in?)

and said axial flow fan for said heat transfer assem-
bly providing for air flow determined by the equa-
tion:

C = 225E

wherein:

C = air flow (CFM).

2. The fan assembly as defined in claim 1 wherein
said heat exchanger assembly is a radiator assem-
bly for cooling a heat transfer fluid being circulated
through an internal combustion engine of said
fruck.

3. The fan assembly as defined in claim 1 wherein
said heat exchanger assembly cools a refrigerant.
4. The fan assembly as defined in claim 1 wherein
said heat exchanger cools air for turbo-charged
engines.

5. The fan assembly as defined in claim 1 wherein
said heat exchanger cools fransmission, engine or
hydraulic oil.

6. The fan assembly as defined in claim 2 wherein

" said fan assembly is mounted between said radia-

tor and said internal combustion engine and said
axial fan blades are caused to rotate to draw air
through said radiator assembly.

7. The fan assembly as defined in claim 2 wherein
said radiator assembly is non-aligned with said
internal combustion engine.

8. The fan assembly as defined in claims 1 or 2
wherein said switching means is a thermostat
placed in a closed mode at a temperature of from
180°F. to 200 F. and an open mode at a tempera-
ture of from 160" F. to 180 F.

9. The fan assembly as defined in claims 1 or 3
wherein said switching means is a pressure switch
placed in a closed mode at a pressure of from 250
to 350 PSI and at an open mode under a pressure
of 250 PSI.

10. The fan assembly as defined in claim 1
wherein said fan assembly is reversible and may
be mounted between said heat exchanger and said
internal combustion engine or in front of the heat
exchanger to push or pull air, respectively.

11. The fan assembly as defined in claim 1 to be
used on over-the-road trucks with a gross vehicle
weight of up to 100,000 lbs.

12. The fan assembly as defined in claim 1 ca-
pable of producing an air flow of from 4,500 CFM
to 11,500 CFM.

13. The fan assembly as defined in claim 1
wherein said electric motor is rated between 350
WATTS to 1,200 WATTS.
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14. The fan assembly as defined in claim 1
wherein said battery supplies direct current to said
electric motor of said fan assembly.
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